This paper presents an explanation for the hollowness effect of the inelastic overlap function claiming that result is a consequence of fundamental thermodynamic processes. The use of Tsallis entropy allows the identification of energy in the center-of-mass system with the entropic index w. Moreover, the probabilities involved in the description of the Tsallis entropy are replaced by the inelastic overlap function, which represents the probability of an event in a given energy and impact parameter. The obtained entropy formula can be directly connected to the unitarity, imposing restrictions on the shape of the function. The Coulomb and confinement potential is considered as naive approaches to the internal energy of the colliding hadrons. The Coulomb potential for the impact parameter picture is not able to furnish any result near forward direction. However, the confinement potential results in the hollowness effect of the inelastic overlap function.
I. INTRODUCTION
The proton-proton (pp) and antiproton-proton (pp) elastic scattering at high energies remains as one of the surprising open issues of collision processes. Nowadays these open questions may will be solved by the new phase of the so-called High Luminosity Large Hadron Collider (HL-LHC) which will deliver 3000 fb −1 of integrated luminosity [1] . Other questions then may arise allowing the construction or improving present day models.
As well-known the geometrical point of view of the pp andpp scattering is an important tool for the understanding of its dynamics, furnishing insights and approaches to the non-perturbative QCD. Of course, protons and antiprotons are not point-like objects, but at high energies they behave quite similar to the disk picture of classical optics as can be viewed in many experimental results over decades. However, recent experimental results and models indicate this picture is not accurate enough.
From the original hypothesis in [2, 3] showing a gray area occurring at the impact parameter value b = 0 fm results recently the idea of a hollowness effect [4] , suggesting the presence of a minimum in the inelastic profile function at zero impact parameter. This unexpected result produces a series of explanations [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . However, none of these explanations take into account the entropy associated to the elastic scattering in the impact parameter space. As shown in [12] , the Tsallis entropy (TE) can be connected to the inelastic overlap function and to the energy critical value s c associated with a phase transition in the total cross section data. This critical value divides the total cross section dataset into two regions of different fractal dimensions exposing the presence of a multifractal character of this physical quantity [13] . It is important to stress here that TE emerges exactly from the context of multifractal structures [14] . Therefore, its use for the present paper can be viewed as a natural application for the high energy pp andpp scattering.
On the other hand, the multifractal character also occurs to the transferred momentum space [15] [16] [17] [18] [19] [20] , reinforcing the necessity of the use of TE. Therefore, both multifractal characteristics in different variables should be noted in the impact parameter space, revealing some novel behavior present in the inelastic overlap function, for instance.
As well-known, entropy is one of the most important physical quantities of physics. Actually, it is the time arrow and therefore it can be taking into account in any physical explanation of scattering since there is an obvious twostage process: before the scattering and after the scattering. In the middle there are models trying to explain what is occurring. The self-organization of the internal constituents of the hadron during the collision process can interfere in what is measured. Of course, the repeatability of such process turns predictable, some aspects of the elastic scattering.
The use of entropy poses a novel problem: the internal energy of the process. This is a very hard question and presently unsolved. As a naive first glance, one proposes the use of two potentials for different physical approaches. The first one is the use of the Coulomb potential replacing the internal energy of the hadron. The obvious consequence is the elastic scattering of pp andpp being treated as billiard balls scattering. Of course, this potential is unable to present any information about the internal structure of the hadrons. However, due approximations done, any information near forward direction are forbidden (to some b < b min ). The second approach uses the confinement potential. Contrary to the first one, this potential allows a view on the internal arrangement of quarks and gluons manifested in the impact parameter space. The consequence we claim here is the emergence of the hollowness effect near forward direction.
The paper is organized as follow. In section II one sets the problem. In section III one presents both potentials used to simulate the internal energy of pp andpp. Section IV presents the discussions and conclusions.
II. HOLLOWNESS EFFECT AND ENTROPY
The high energy pp andpp elastic scattering can be analyzed by using both the transferred momentum q 2 and the impact parameter b inasmuch as these variables are connected with a Bessel transform. Therefore, the physical constraints on one space can be rewritten in the other one sometimes revealing details or furnishing insights to solve a problem.
The impact parameter space is the geometrical point of view of the elastic scattering and possess a clear classical appeal. In this sense, the disk picture is naturally used to describe pp andpp elastic scattering. The elastic scattering amplitude F (s, q 2 ) is written by using the impact parameter as
where √ s is the collision energy in the center-of-mass system, J 0 (x) is a zeroth order Bessel function, and χ(s, b) is the eikonal function written as
where the imaginary part corresponds to opacity function related to matter distribution inside the incident particles. The profile function Γ(s, b) = ReΓ(s, b) + iImΓ(s, b) is the elastic scattering amplitude in the impact parameter space to a fixed s and can give an estimate of the interacting particle sizes and an analysis of their internal structure. Moreover, the unitarity condition can be written by using the inelastic overlap function as
that represents the probability of absorption associated with a specific (s, b) pair and one expects as one moves away from the forward collision (b = 0) the interaction probability diminishes. The general belief is that at b = 0 and to a sufficient high energy G inel (s, 0) → 1 implying that to s → ∞ all pp andpp presents the same physical behavior near the forward direction. Several theorems started to be proved from the 1960's and some of them established the fundamental basis of theoretical understanding of high energy elastic scattering. For instance, the elastic to total cross section ratio is one of these remarkable results obtained from well-established basis [21] [22] [23] [24] [25] . The detailed analysis of this cross section ratio in nucleon-nucleon collisions [26] shows that at high energies the approximate relation
is valid in pp up to the highest experimentally reached energy √ s = 57 TeV within large errors for this point. The unitary equation (3) can also be written as
The above expression can be rewritten by taking into account derivative dispersion relations and the crossing property over ImΓ(s, b). Notice that derivative contributions depend on the transferred momentum involved, i.e., when q 2 → 0 the derivative terms contribution occurs to the periphery of the collision and when q 2 → ∞ the contribution is central. Therefore, the expression (5) possess two regimes depending on b is central or peripheral. Considering large values of b, ImΓ(s, b) ≈ ReΓ(s, b) and, therefore, derivative terms should be taken into account.
However
and one can identify 1 ≤ ReΓ(s, b) ≤ 2, where ReΓ(s, b) = 2 is the completely non-absorptive case and ReΓ(s, b) = 1 is the full absorptive case. Taking the partial derivative with respect to b of (6), then one writes (∂ x ≡ ∂/∂x)
Note that at some critical value b c , the ∂ b G inel (s, b)| b=bc = 0 can be achieved if ∂ b ReΓ(s, b)| b=bc = 0 and / or ReΓ(s, b c ) = 1. The and connective means that b c is a critical value and the process is completely absorptive at b c . On the other hand, the or case can be analyzed as follows. If ∂ b ReΓ(s, b)| b=bc = 0 but not ReΓ(s, b c ) = 1, then b c is a critical value but does not represent the full absorptive case, i.e., the inelastic overlap function does not represent a black disk to b c . On the contrary, the full absorptive case does not represent a critical point of ReΓ(s, b). This can be considered the non-physical case since the inelastic overlap function is limited and achieves its maximum or minimum at the ending point. Therefore, there are two situations able to furnish a zero to 2 ) and changes in the sign of ImF (s, q
2 ) also represents a change in the sign of ReΓ(s, b). As well-known, ImF (s, q 2 ) oscillate according to q 2 and, therefore, the sign of ∂ q ImF (s, q 2 ) changes. On the other hand, one can analyze the behavior of G inel (s, b) by using the TE. First of all, there are several ways to compute the entropy of a thermodynamic system being the usual the well-known Boltzmann entropy. This entropy is usually defined to a system of non-interacting particles. Hence, this entropy is additive: the entropy of the whole system is the sum of the entropy of each subsystem. However, a system with interacting subsystem (sometimes strongly correlated) needs an entropy calculation that takes it into account since hadrons are composed of strongly interacting particles (gluons and quarks). The TE naturally can be applied for this situation since it is non-additive. Moreover, Rényi entropy [27] , Shannon entropy [28] , Abe entropy [29] and Boltzmann entropy, for instance, can be reduced to TE [30, 31] . Furthermore, TE possessess two (among others) interesting mathematical properties: it is concave for all w > 0, a crucial characteristic for an entropy function and it obeys the Lesche-stability condition, ie, it is stable under small perturbations of probabilities. Therefore, the use of TE can furnish a description of the physical system under study.
The entropic index-w of the TE is replaced by the energy s [12]
where s c is the critical value associated to the BKT-like phase transition [12] present in the fractal structure of the total cross section [13] . Therefore, w plays the physical role of a transition parameter at each s considered. When s > s c , the fractal dimension is positive and negative when s < s c , ie, the TE possess two behaviors depending on w > 1 or w < 1 as seen along the text. On the other hand, as noted in [13] , the negative fractal dimension measures the emptiness of the hadron (the slow down part of the total cross section data); the positive fractal dimension can be associated to the usual measure of the total cross section (the growing part of the total cross section data). In [12] the TE is related to the scattering at fixed s by means of the inelastic overlap function G inel (s, b), due to non-elastic s-channel intermediate states as (k ≡ s/s c − 1)
It is interesting to note that unitarity demands 0 ≤ G inel (s, b) = 1 − kS T ≤ 1 implying the replacement kS T →S T , whereS T is the normalized entropy.
As well-known, the inelastic overlap function take into account all the intermediate inelastic channel contributions. Therefore, the entropy (9) can be associated with the inelastic scattering contributions. In the above result if G inel (s, b) → 1 (the black disk limit) then S T → 0. The physical meaning of this result is simple: at the black disk limit the system (the motion of the internal constituents) is in its lowest possible value, as stated by Quantum Mechanics. Therefore, the system tends to be well-defined in the sense that its physical state is well-known.
On the other hand, the inelastic overlap function is interpreted as the probability of an elastic scattering in a given (s, b) . Therefore, G inel (s, b) = 1 implies that at head-on collision b = 0 (or at some b = 0), the probability achieves its maximum as well as the entropy tends to the minimum. It does not mean that the entropy is zero everywhere inside the hadron. In general, the belief is that at s → ∞, the black disk limit is achieved at b = 0. However, it is not necessarily true since one possesses a change in the sign according to s/s c . To see this, observe that the partial derivative of S T with respect to b is given by
Assuming s > s c (high energy regime), then the sign of ∂ b S T is determined by the sign ∂ b G inel (s, b). In this regime, the fractal dimension of the total cross section is positive representing the increase in matter density inside the hadron [13] . Therefore, according to the above analysis, b c determines a region inside of the hadron where the entropy increases (b > b c ) or decreases (b < b c ). On the other hand, considering s < s c (low energy regime), the existence of b c implies in an increasing (b < b c ) or decreasing (b > b c ) entropy. The fractal dimension of the total cross section is negative and represents the emptiness of the hadron or the absence of a well-defined internal structure [13] . The same results can be obtained replacing (7) in to (10) showing that matter distribution of the hadron according to existence of b c determines the entropy behavior.
III. INTERNAL ENERGY AND EFFECTIVE POTENTIAL
As well-known, the total internal energy U of a hadron cannot be deduced by using the first principles of thermodynamics. One assumes here, as a first approximation, that U is a function of the effective potentialṼ , thus U ≈ U (Ṽ ). Of course, this first approximation excludes the kinetic term and the action due to external forces, but the approximation seems in agreement with calculations within T -matrix approach [32] at least on the qualitative level.
According to stated in the preceding section, one replaces kS T by its normalized form since G inel (s, b) obey the unitarity condition. Therefore, the entropy of the above system can also be written by using the thermodynamics assuming small variations on the hadron volume and constant number of particles-constituents in the system as
whereT is the normalized temperature,T ≡ T /k. According to [12] ,T = ±1, depending on s > s c (+1) or s < s c (-1). In general one can suggest the following equation 
replacing (12) into the relation (9) . Consequently the b-dependence of the TE is the same as for effective potential V (s, b). In general, the s-dependence of the S T for certain types of the potential V (s, b) can be deduced with the help of the (13) and k in accordance with the definition of the normalized TE at appropriate choice of the parameters like s c etc. In addition one can note that the equation (13) is in agreement with the (11). Although there is no potential able to describe the elastic scattering in this regime, one considers here two potentials as an attempt to explain the behavior of the inelastic overlap function. The first is the usual Coulomb potential in terms of the impact parameter b allowing a naive view of the inelastic overlap function of the hadron outside. From the hadron inside, the use of the confinement potential allows us the point of view of the internal constituents.
A. Coulomb Potential
In this first glance, one assumes that hadron scattering can be approximated by the Coulomb potential which implies in assuming the hadrons as point-like particles. Despite this approach is very naive, it can furnish at least a classical picture of the inelastic overlap function. Assuming r = |r i − r j | as the distance between the hadrons placed at r i and r j and m 2 ≪ s, then using the impact parameter b one can approximate the Coulomb potential V C (r) = −a/r at fixed s by
Here a > 0 is a dimensionless parameter corresponding to the electrostatic interaction of the pair, b = r cos θ, where θ is the angle between b and r [33] . Fig. 1 shows the b-(a) and the s-dependence (b) for exact view of Coulomb potential and its approximation in the impact parameter space (14) . In the last case the curves are shown for the fixed √ s = 31.0 and 52.8 GeV (Fig. 1a) and for the fixed b = 0.01 and 0.02 fm (Fig. 1b) . The approximation done above is better for the peripheral collision since V C (s, b) → V C (r) to b → ∞ and r → ∞ as shown in Fig. 1a 1 . The minimum of the V C (s, b) is placed at b min = 6/s, V C (s, b min ) = −a 2s/27 which roughly means that considering Fig. 1a . Therefore, the approximation in (14) (14) with b = 0.01 fm. The values a = 1, θ = 0 are used in approximate view of the V C (r) for the sake of simplicity.
As it is known, the Coulomb potential is the long-range one and ∀ r : V C (r) < 0, consequently, V C (s, b) < 0 at any b and s. For potential with constant sign the following normalization can be used
where V max (s, b) is the potential maximum, m = ±1 with up (down) sign for negative (positive) values of V (s, b) within whole range of values of the kinematic parameter under consideration. Therefore, one writes furthermore this difference decreases fast with energy growth and it is negligible (< 0.5%) at √ s < ∼ 8 GeV for any b under consideration.
As well-known, the Coulomb scattering treats the hadrons as billiard balls and does not take into account the influence of the internal arrangement of quarks and gluons to the complete description of the total cross section (and any other observable). Therefore, any treatment of the elastic scattering should take into account quarks and gluons which may avoid the occurrence of b min or presents an explanation of what occurs to b < b min .
B. Confinement Potential
In order to obtain some ground to the above explanation, one consider the confinement potential which can be obtained starting from a Coulomb-like potential responsible by the strong interaction in short distance and a linear part describing the nature of confinement. Thus the confinement potential in the lowest order can be written as follows [35] :
where r is now the spatial separation for pair, strictly speaking, infinitely heavy (static) quark and antiquark inside the hadron, α s (µ) is the running coupling constant of the strong interaction at a specific energy scale µ [34] and κ is called string tension which in general depends on temperature and characterizes the average estimation √ κ ≈ 0.405 GeV [36] for cold strongly interacting matter. The exact analytic view of the α s (µ) within 1-loop approximation is
where t ≡ ln µ 2 /Λ 2 QCD , β 0 = (33 − 2n f )/12π is the 1-loop β-function coefficient, n f is the number of quark flavors active at the energy scale µ, i.e. are considered light m q ≪ µ, m q is the quark mass, Λ QCD is non-universal scale parameter depending on the renormalization scheme adopted and corresponds to the scale where the perturbativelydefined coupling would diverge [34] . The numerical value of the Λ QCD depends, in particular, on n f and here the certain value Λ QCD from [34] is used for given n f . At present the convenient estimation of the α s (µ) is calculated to complete 4-loop approximation [34, 37] . Moreover, the running coupling constant can be defined from any physical observable perturbatively calculated [38] and to each µ one obtains a α s resulting in specific (18) . As seen from (19) one must require µ > µ min ≡ ωΛ QCD in order to preserve the validity of the perturbative definition of the coupling α s (µ). The softest case corresponds to the ω = 1 and more conservative and exact estimation is the following [38] :
where
2 is the 2-loop β-function coefficient [34] . There are several ways for estimation of the µ based on the experimentally measurable quantity Y exp h in hadronic collisions, for instance, it is assumed [40] in some recent studies, where p max T is the transverse momentum of the leading jet, m 3 is the invariant mass of the three jets leading in p T . In particular, the energy scale µ may be connected to the s by assuming the simple relation µ 2 = ηs where 0 < η ≤ 1 which implies that µ is just a fraction of the energy involved in the elastic scattering process 2 . This assumption is analogous momentum fraction x carried by a scattered quark in deep inelastic scattering (DIS). Taking into account the energy balance in collisions of the finite-size particles one can put η = 1/9 [41] . As proposed in [13] , the hadron density grows as the energy increases by a change in the fractal dimension of the total cross section. It can be viewed as an increase in the parton density which means very small values of x. The cutoff in the parton density growth is studied by the Balitski-Kovchegov equation which realizes this saturation through pomeron fan diagrams [42] . On the other hand, as the density grows, the distances diminish between constituents (q andq) in the pair and between pairs itself. The confinement potential is of short-range in contrast with the Coulomb one and due to uncertainty principle the quantity µ min allows the unambiguous estimation the linear scale r max ∼ µ −1 min up to which the confinement potential can be calculated with help of the (18) . One can expect r max ∼ R h depending on the approach to µ min and values of the Λ QCD at given n f [34] , where R h is the hadron radius. This upper cutoff for r leads to tame the divergence of the confinement potential (18) . In general, it should be b ≤ b max ∼ r max in order to the incoming particles interact by strong force with each other, on the other hand smaller space scale r → 0 into hadron can be probed in more central collisions with b → 0. Therefore one can assume r = ε 2 b, where ε 2 ≤ 1 and the confinement potential in the impact parameter space can be rewritten as
In contrast with the Coulomb potential the V c (µ, r) and V c (s, b) coincide exactly in whole domain (µ ≥ µ min ; r ≤ r max ) due to exact (linear) interrelations between corresponding terms in the parameter pairs (µ, r) and (s, b). Taking into account the general properties of hadronic collisions discussed above, it is used ε 2 = 1.0 for the sake of simplicity, unless otherwise specifically indicated. and n f = 6 (d) with various approximations for αs(µ): solid line is for the 1-loop solution (19) and dashed curve corresponds to the 4-loop approximation [34] . The softest scheme for µ min is used without lost of generality.
Contrary to the Coulomb potential, the confinement potential allows a first glance at the hadron internal arrangement revealing its importance to the correct description of the scattering. Fig. 4 shows the b-dependence of the confinement potential (21) at fixed √ s = 14 TeV and various numbers of the light flavors 3 n f for 1-and 4-loop approximation for α s (µ). The value ω = 1 is used for definition of the µ min and, consequently, the largest value of the upper cutoff for b. The 4-loop approximation for α s (µ) provides slightly larger values of V c (s, b) than that for 1-loop exact solution (19) (Figs. 5a, b) . The dependence of the confinement potential on n f manifests itself in the high energy domain only, for instance at √ s = 14 TeV, in which the wide set of the values of n f is available (Figs. 5c, d ). In the last case the growth of n f has provided some decrease of the V c (s, b) at small b < ∼ 0.03 fm and expected, expanding of the confinement potential to the larger impact parameter values b > ∼ R h due to the decrease of Λ QCD . The changing of the scheme for estimation of the µ min does not influence on the functional behavior of the V c (s, b) for both the intermediate (Figs. 5a, b) and the high energy (Figs. 5c, d ) under study. The transition from the ω = 1 (Figs. 5a, c) to the conservative estimation of this parameter (Figs. 5b,  d ) leads to the decrease of the high boundaries for linear scales r and b. It is necessary to normalize the potential (21) in order to obey the unitarity condition. As it is well known the second term in (18) and (21) provides the main difference of the confinement potential from the Coulomb one, namely, the positive values and quasi-linear growth of the V c (s, b) at large b, i.e. r (Figs. 4 -6 ). The confinement potential passes through the zero value at
where the allowable ranges are taken into account for linear scales r and b, i.e. r, b > 0. One can use the (15) with appropriate values of m if the confinement potential has constant sign within b-range under consideration. But in general potential V (s, b) may change the sign within the kinematic domain under study and this feature can lead to the discontinuity forṼ (s, b) if extremum (maximum) value of the V (s, b) is used as the scale factor. Analysis shows that the using of the maximum for the absolute value of the potential, |V (s, b)| max , avoids possible discontinuity in the behavior of theṼ (s, b) in the case of changing the sign of V (s, b). Therefore here the following relation is used
where |V c (s, b)| is the absolute value of the confinement potential V c (s, b) if the confinement potential changes the sign within b-range under discussion. In this case the |V c (s, b)| max can be reached at low or right boundary of b (Figs. 4  -6 ). Without lost of generality the range b min ≤ b ≤ b max is studied below, where V c (s, b min ) < 0 and b max is driven by the r max . Thus the normalized confinement potential in the impact parameter space can be written as follows: Here it is assumed that the confinement potential is still characterized by finite negative value for the value b min of impact parameter 4 . As seen V c (s, b max ) < 2 GeV for any loop approximation (Fig. 4) , scheme for µ min estimation and n f values (Fig. 5) , as consequence, the condition |V c (s, b)| max = V c (s, b max ) is valid until to b min > ∼ 10 −2 fm. Therefore the lower relation in (24) is mostly applicable, the upper equation in (24) is only for processes which probe the inner structure of a hadron down to the very small linear scales. The qualitative conclusions follow from relations (24) in the domain of validity of the condition ζ ≪ (ε 2 b) 2 . Here the normalized confinement potential and corresponding (Fig. 7a, b) but the situation is another at √ s = 14 TeV (Fig. 7c, d ): the conservative estimation for ω leads to smaller G is negligible at √ s = 52.8 GeV (Fig. 7a, b) and the growth of the number of light flavors leads to the increase in (Fig. 7c, d ) especially for large n f = 5 and 6. For the confinement potential the regime of black disk G c inel (s, b) ≈ 1 is reached at b 0 and in the region close to this inflection point of the V c (s, b) and, as discussed above, the region expands with the growth of the n f especially for largest n f = 6. Such behavior agrees with qualitative expectation for expansion of the region with high absorption in the nucleon-nucleon collisions at higher energies. On the other hand the general feature of the G c inel (s, b) in Fig. 7 is the more transparent (gray) regions at both the small (b ≪ b 0 ) and the large (b ≫ b 0 ) impact parameters. Therefore the confinement potential provides the hollowness effect on central collisions at high energy √ s = 14 TeV (Fig. 7c, d) . In general the behavior of G c inel (s, b) in Fig. 7 obtained within potential approach confirms the results from [2, 3] and the analyzes done by [4] [5] [6] [7] [8] [9] [10] [11] . Furthermore one expects that inelastic overlap function description is better to small b values considered. Fig. 8b) and n f = 4 (Fig. 8) . Thus the conservative scheme for ω lead to the hollowness effect at the close b for both very difference energies under consideration.
In Figs. 7, 8 all curves reveal the presence of a critical value b 0 according the analyzes performed in the preceding section showing the existence of a gray area at b < b 0 . Although the use of confinement potential is a naive approach, it is interesting to note that the description of the inelastic overlap function shows the black disk limit occurring to b = 0 and a clear gray area (the hollowness effect) near b = 0.
It should be stressed that the Λ QCD is estimated for n f ≥ 3 only [34] . Thus one can consider µ ≥ 0.96 GeV, i.e. √ s ≥ 2.88 GeV based on the perturbatively-defined coupling for strong interactions and with taking into account the condition for the lightness of the quark with certain flavor as well as the relation between µ 2 and s above. This energy range cover almost all energies allowed for nucleon-nucleon collisions with exception of the narrow region close to the low boundary 
IV. DISCUSSIONS AND CONCLUSIONS
The presence of the hollowness effect (gray area) cannot be associated with the limiting resolution of the facilities. Of course, the de Broglie wavelength achieves its minimum at present day energies at CERN LHC, but besides its small value ∆r = 1/p cm ∼ 2/ √ s it still produces an unavoidable natural coarse-grain effect. The entropy is probably the most important physical quantity of nature and should be taken into account in all explanations of basic physics. Here, the entropy is used in its Tsallis form. The entropic index-w represents a phase transition occurring at s = s c in total cross section picture. The probability density function is replaced by the inelastic overlap function of the impact parameter space. Therefore, this form of entropy can allow the understanding of how the matter density induces the geometrical pattern observed. The TE is one of several one ways to compute the entropy of a non-additive system. However, without loss of generality, the cases of interest can be reduced to the Tsallis form, even the additive entropies by taking w = 1 [30, 31] .
The increasing or decreasing entropy implies in an increasing or decreasing probability of the inelastic overlap function which result is the emergence of a critical value b 0 to the distribution of matter inside pp andpp elastic scattering. Therefore, the entropy determines the existence of a critical value in the impact parameter space. The consequence of that can be viewed as the presence of a fractal character in the transferred momentum space [15] [16] [17] [18] [19] [20] .
The behavior of ∂ b G inel (s, b) is analyzed by assuming two considerations: by analyzing ReΓ(s, b) and ∂ bS . The first one is connected to the ImF (s, b) and the second to the thermodynamic properties of the TE. In both situations the result of the behavior is the same. Of course, one cannot prove the uniqueness of the behavior of G inel (s, b) presented in Figs. 7, 8 since there are subtle choices of parameters where ∂ bS does not present that behavior. However, based on the ∂ b ReΓ(s, b) it seems to be unlikely. The use of potentials to mimic the internal energy is not new to physics, probably remounting to Bohm quantum potential [43] in Quantum Mechanics and more recently to [32] in nuclear scattering. However, the use here of the Coulomb and the confinement potentials are illustrative of the physical behavior of pp and barpp in the impact parameter space.
The Coulomb potential treats the hadrons as point-like objects and its description using the impact parameter picture does not allow any consideration near forward direction. Far from the forward direction (high q 2 ), derivative terms can be added in order to achieve a better description of the inelastic overlap function introducing a slow down decaying to the tail.
On the other hand, the confinement potential considered here as the internal energy of the hadron shows the hollowness effect. Derivative terms can be taken into account in order to obtain a better description of the tail of the inelastic overlap function (low q 2 ). However, these terms does not interfere in the description near forward collisions. Therefore, the confinement potential allows the emergence of this effect even if we add derivative terms.
In order to avoid the hollowness effect (from the point of view of the confinement) we should modify the confinement potential by adding correction terms which acts only near forward direction. These terms can, for instance, to correspond to the kinematic terms emerging at very high q 2 (very short distances). However, it seems unlikely since corrections to the linear term of (21) implies or in the decreasing of the strength of the confinement potential to b → 0 or simply by not modifying its general behavior to b → 0 (or introducing some noise or small perturbations). None of these assumptions seem to be physically reasonable. Therefore, we claim here that the presence of a gray area in the impact parameter space reflects the multifractal character of the hadron in the energy and momentum spaces.
The analyzes carried out here are based on few physical assumptions and allows one to obtain the occurrence of the gray area in the inelastic overlap function without the use of models on pp andpp elastic scattering. Furthermore, the results obtained here can help in the construction of models taking into account the existence of the gray area and the entropy of the collision process.
